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Description 

FIELD OF THE INVENTION 

10001] This invention relates to enzymes, to rDNA techniques applicable for example to their production, to mutated 
genes, vectors and mutant and transformed microorganisms useful in their production, and to their uses including for 
example enzymatic detergent and cleaning compositions containing them. 

[0002] In particular embodiments the invention relates to modified enzymes and their manufacture and use, especially 
modified proteases. Such modified proteases include those derived from microorganisms descended from an ancestor 
which has been modified genetically. e.g. by rDNA technique. 

[0003] In particular embodiments the invention relates to the preparation and use of modified enzymes, especially 
modified alkaline serine proteases, especially those of bacterial and fungal origin. Thus the invention as described 
below provides inter alia techniques for production of protease. e.g. Bacillus subtilis protease and other subtilisin pro- 
teases, and further provides genetically modified forms of such proteases, and the use of such enzymes in detergent 
and cleaning compositions. 

BACKGROUND OF THE INVENTION 

[0004] Enzymes and especially proteases have for more than 20 years been used in detergent and cleaning compo- 
sitions for removing or facilitating the removal of unwanted proteinaceous soil, etc. Commerdally most important among 
the enzymes used for these purposes are proteases, especially subtilisin proteases. 

[0005] Although proteases have been used in the detergent industry for more than 20 years. It is still not exactly known 
which physical or chemical characteristics are responsible for good washing results. The currently used proteases have 
been found by isolating proteases from nature and testing them in detergent formulations. 

[0006] Serine proteases are known as a class of enzymes, including subtilisins, which catalyse the hydrolysis of pep- 
tide bonds, and which are characterised by an essential serine residue at the active site (White, Handler and Smith 
"Principles of Biochemistry". 5th edition, McGraw-Hill Book Co, New York. 1 973. pp 271 -272). 
[0007] The known serine proteases have molecular weights in the 25.000 to 30,000 range. They are inhibited by diiso- 
propyl-fluorophosphonate. but in contrast to metalloproteases, are resistant to ethylenediamine-tetra-acetic acid 
(EDTA) (although they are stabilised at high temperatures by calcium ions). They hydrolyse simple terminal esters and 
are similar in activity to eukaryotic chymotrypsin, also a serine protease. The alternative term, alkaline protease, 
reflects the high pH optimum of the serine proteases, from pH 9.0 to 1 1 .0 (for review, see Priest, 1977. Bacterioloaicai 
Rev. 41:711-753). 

[0008] A subtilisin Is a serine protease produced by Gram-positive bacteria or fungi, A wide variety of subtilisins have 
been identified, and the amino ackJ sequences of at least eight subtilisins have been determined. These include six 
subtilisins from Bacillus strains, namely, subtilisin 168. subtilisin BPN'. subtilisin Carlsberg. subtilisin DY, subtilisin amy- 
losacchariticus, and mesentericopeptidase (Kurihara et a!., 1972, J.Biol.Chem. 247:5629-5631; Stahl and Ferrari, 
1984. J.Bacteriol. 159:811-819, Jacobs et al., 1985. Nucl.Adds Res. 13:8913-8926; Nedkov et aL. 1985, Biol.Chem' 
Hoppe-Seyler 366:421 -430, Svendsen et al., 1986, FEBS Lett 196:228-232). and two fungal subtilisins. subtilisin ther- 
mitase from Thermoactinomyces vulgaris (Meloun et aL, 1985. FEBS Lett. 1983:195-200) and proteinase K from Trlti- 
rachium album (Jany and Mayer, 1985, Biol.Chem. Hoppe-Seyler 366:584-492). 

[0009] Subtilisins are well-characterized physically and chemically In addition to knowledge of the primary structure 
(amino acid sequence) of these enzymes, over 50 high resolution X-ray structures of subtilisin have been determined 
which delineate the binding of substrate, transition state, products, three different protease inhibitors, and define tiie 
structural consequences for natural variation (Kraut, 1977, Ann.Rev.Biochem. 46:331-358). 

[0010] Random and site-directed mutations of the subtilisin gene have both arisen from knowledge of the physical 
and chemical properties of tiie enzyme and confributed information relating to subtilisin's catalytic activity substrate 
specificity, tertiary structure, etc. (Wells et a!., 1987. Proc.Natl.Acad. Sci. U.S.A 84; 1219-1223; Wells et al.. 1986 
Phil.Trans. R.Soc.Lond.A. 317:415-423: Hw^ng and Warshel. 1987. Biochem. 26:2669-2673; Rao et al., 1987 Nature 
328:551-554). 

[0011] The technique of site-directed mutagenesis of the subtilisin gene has attracted much attention, and various 
mutations are described in the following patent applications and patents: 

[001 2] EP-A-1 30 756 (Genentech) (con-esponds to US-A-4 760 025 (Genencor)) relates to site specific or randomly 
generated mutations In "carbonyl hydrolases" and subsequent screening of the mutated enzymes for various proper- 
ties, such as Kcat/Km ratio. pH-activity profile, and oxkJation stability. Apart from revealing that site-specific mutation is 
feasible, and tiiat mutation of subtilisin BPN* in certain specified positions, i.e. -ITyr, 32Asp. 135Asn, 104Tyr, 222Met 
166Gly. 64His, 169Gly. 189Phe, 33Ser, 221Ser. 217Tyr, 156Gluor 152Ala. provide for enzymes exhibiting altered prop- 
erties, this application does not contribute to solving the problem of deciding where to Introduce mutations In order to 
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obtain enzymes with desired properties. 

[001 3] EP- A-21 4 435 (Henkel) relates to cloning and expression o1 subtilisin Carlsberg and two mutants thereof (but 
gives no reason to mutate 158Asp to 168Ser and 161Ser to 161Asp). 

[0014] International patent application WO 87/04461 (Amgen) describes reducing the number of Asn-Gly sequences 
5 present in the parent enzyme to obtain mutated enzymes exhibiting improved pH and heat stabilities, with emphasis on 
removing, mutating, or modifying the 109Asn and the 218Asn residues in subtilisin BPN'. 

[001 5] International patent application WO 87/05050 (Genex) discloses random mutation and subsequent screening 
of a large number of mutants of subtilisin BPN' for improved properties, and describes mutations in positions 218Asn, 
131Gly, 254Thr, 166Gly, 116/Vla. 188Ser, 126Leu, and 53Ser. 
10 [001 6] EP-A-251 446 (Genentech) describes how homology considerations at both primary and tertiary structural lev- 
els may be applied to identify equivalent amino acid residues whetiier consen/ed or not. This information together with 
the authors' knowledge of the tertiary structure of subtilisin BPN' led the authors to select a number of positions sus- 
ceptible to mutation with an expectation of obtaining mutants with altered properties. The positions so identified are: 
124Met 222Met. 104Tyr, 152Ala, 156Glu. 166Gly, 169Gly, 189Phe, 217Tyr. Also 155Asn, 21Tyr, 22Thr. 24Ser, 32Asp. 
75 33Ser, 36Asp, 46Gly, 48Ala, 49Ser, 50Met. 77Asn, 87Ser, 94Lys, 95Val, 96Leu, 107lle. IIOGIy. 170Lys, 171Tyr, 
172Pro. 197Asp. 199Met, 204Ser, 213Lys, and 221 Ser are identified as having influence on various properties of tiie 
enzyme, and a number of mutations are exemplified to support these suggestions. In addition to single mutations in 
these positions the authors also performed a number of multiple mutations. Further the authors identify 215Gly, 67His. 
126Leu, 135Leu, and amino acid residues within ttie segments 97-103. 126-129, 213-215, and 152-172 as having inter- 
ne est, but mutations in these positions are not exenplified. 

[0017] EP-A-260 105 (Genencor) describes modification of certain properties in enzymes containing a catalytic triad 
by selecting an amino acid residue witiiin about 15 A from the catalytic triad and replace tiie selected amino add resi- 
due with another residue. Enzymes of tiie subtilisin type described in tiie present specification are specifically men- 
tioned as belonging to the class of enzymes containing a catalytic triad. In subtilisins positions 222 and 217 are 
25 indicated as prefered positions for replacement. 

[0018] Also, it has been shown by TTiomas, Russell, and Fersht (Nature (1985) 318. 375-376) that changing 99Asp 
into 99Ser in subtilisin BPN* changes the pH dependency of the enzyme. In a subsequent article (J.Mol.Biol (1 987) 193. 
803-813) the same authors also discuss the substitution of 156Ser in place of 156Gu. Both these mutations are witiiin 
a distance of about 15 A from tiie active 64His. 
30 [001 9] In Nature 328, 496-500 (1 987) Russell and Fersht discuss the results of tiieir experiments and present rules 
for changing pH-activity profiles by mutating an enzyme to obtain changes in surface charge. 
[0020] At present tiie following subtilisin proteases are well-known and many of them are marketed in large quantities 
in many countries of the world, especially for detergent uses: 

35 8ubtilisin BPN' or Novo, available from e.g. Sigma, St Louis, USA; 

Subtilisin Carlsberg, marketed by Novo-Nordisk A/S (Denmark) as ALCALASE (TM) and by IBIS (Holland) as f^^AX- 
ATASE (TM); 

40 A Bacillus lentus subtilisin. marketed by Novo-Nordisk A/S (Denmark) as SAVINASE (TM); 

SAVINASE (TM) analogues, such as MAXACAL (TM) marketed by IBIS, and OPTICLEAN (TM) marketed by Miles 
Kali Chemie (Germany); 

45 A Bacillus lentus subtilisin. marketed by Novo-Nordisk A/S (Denmark) as ESPERASE (TM); 
KAZUSASE (TM) marketed by Showa Denko (Japan). 

[0021 ] To be effective, however, such enzymes must not only exhibit activity under washing conditions, but must also 

so be compatible witii other detergent components during production and storage. 

[0022] For example, subtilisir^ may be used in combination with other enzymes active against other substrates, and 
tiie selected subtilisin should possess stability towards such enzymes, and also the selected subtilisin preferably should 
not digest the other enymes. Also, the chosen subtilisin should be resistant to tiie action from other components in the 
detergent formulation, such as bleaching agents, oxidising agents, etc., in particular an enzyme to be used in a deter- 

55 gent formulation should be stable with respect to the oxidizing power, calcium binding properties, detergency. and pH 
conditions rendered by the non-enzymatic components in the detergent during storage and in tiie wash liquor during 
wash. The ability of the enzyme to remain stable in the wash liquor is often referred to as its washing ability or washa- 
biiity. 
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[0023] Naturally occuring subtilisins have been found to posess properties which are highly variable in relation to their 
washing power or ability under variations in parameters such as pH and ionic strength. Several of the above marketed 
detergent proteases, indeed, have a better performance than those marketed about 20 years ago but for optimal oer- 
formance each enzyme has its ovm specific conditions regarding formulation and wash conditions e a dH temoera- 
ture. ionic strength (I), active system, builders, etc. ' " 

10024] As a consequence it is found that an enzyme possessing desirable properties at low pH and low I mav be less 
attractive at more alkaline conditions or vice versa. /"cieoo 
[0025] FurtherrTiore. it is desirable to produce and use enzymes which are relatively resistant to changes in pH of 
wash liquors which occur during washing processes. " ciiia«s!. m pn or 

[0026] It is possible now to construct enzymes having desired amino acid sequences, and as indicated above a lair 
amount of research has been devoted to designing subtilisins with altered properties. Among the proposals the tech- 

A Ttp"! "n^^f^"^ ^[^"'"^ ^ '^'9® """"^ °' ^"^y^^ «s described in EP-A-130 756 (Geneniech) (US- 

Ith^ 025 (Genenoor)) and Intemational patent application WO 87/05050 (Genex) corresponds to the claUical 
method of isolating native enzymes and screening them for their propeties. but is more efficient. 
[0027] Since a subtilisin protease typically comprises about 275 amino acid residues each capable of being 1 out of 
20 possible naturally occuring amino acids, one very serious drawback in that procedure is the very large number of 
mutations generated that has to be submitted to a preliminary screening prior to further testing of seized mutante 
showing interesting characteristics at the first screening, since no guidance is indicated in determining which amino 
ac«^ residues to mutate in oider to obtain a desired enzyme with improved properties for the use in quitfon ^.0^^ ° 
in the case formulating detergent compositions exhibiting improved washing ability under specified conditions of the 
wdsn Nc|uor. 

«S!L ^ ^J"^"'^ as outlined in these patent applications will consequently only be slightly better than the traditional 
random mutation procedures which have been known for years. 

[0029] TTie other known techniques relates to changing specific properties, such as hydrolysis rate (EP-A-260 105 
(Genencor)) and pH-activity profile (Thomas. Russell, and Fersht. supra). None of these publications relates to chang- 
ing the wash performance or >washability' of enzymes. 

[OraO] Indeed, no relationship has yet been identified in the art between such well defined properties of an enzyme 
and the wash performance or -washability of an enzyme. «<iyme 
[0031] In International patent application WO 89/06279 (PCT/DK 88/00002) (Novo Industri A/S) it is proposed to use 

^.'^^^^ J^^^^^"^" *° ^'^'^'^ ^'^o"" be changed and which amino acids 

should be introduced in order to obtain a desired change in washability. 

[0032] Earlier, not prepublished EP-A-405 901 (Unilever) describes the production and use of mutant subtilisin pro- 
teases with altered pi, and detergent compositions containing them. 

[0033] A remaining problem seems to be that altiiough much research has been directed at revealing the mechanism 
of protease enzyme action, still only little is known about ttie factors in structure and amino add residue combinations 
that determine the properties of enzymes in relation to their wash performance 

f!S*' ^""'^ ^ ^'^^ improvement and taiforing of protease enzymes to wash sys- 

terns, as well as a better understanding of the mechanism of protease actton in ttie practical use of cleaning or deter- 
gent compositions. ■» 

DESCRIPTIO N OF THE INVFMTIDM 

[00351 In the context of this invention, a mutant protease, e.g. a mutant subtilisin protease, means a protease that has 
been produced by an organism which is expressing a mutant gene derived from a parent microorganism which pos- 
sess d an original or parent gene and which produced a corresponding parent enzyme, the parent gene having be^ 
mutetj in order to produce tiie mutant gene from which said mutant protease is produced when expressed in a suita- 

ISto "°*f . bacterial and fungal origin, especially subtilisin proteases, have shown them- 

fntf^ o "J^'"' ^''^ "^^^'S^* ^ *^^™"9 compositions, such as for exanple laundry detergents 
n ^"^ Pi^eases tolerate alkaline washing conditions to a certain extent that has 

allowedtheiruseinpractice.Neverttieless.they8howacertaindependencedactivityandstabilHyonp 
range, and it is desirable to provide enzyme preparations of which the properties are more tractable at alkaline dH than 
the properties of the enzymes available up to now. -^miepninan 

S^?®^ 'T"*"" *^ P™^"®* enzymatic detergent composition comprising a mutant subtilisin 
147 or 309 protease carrying at least one mutation of its amino acid sequence resulting in a lower degree of variation 
compared with ttie parent protease, of the molecular charge of ttie protease over a pH range of at least 0 5 pH unit 
moc ^L^n u^^! of about 7 to about 1 1. said proteas comprfeing at least one of the following mutations: HI 7Q 
H39S. E54D. H120N. Y167E. Y167F. Y1 71V. Y192E. Y192F. Y209F. Y214F. H226S Y263F 
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[0039] According to the invention, such a lower degree of variation in molecular charge, especially for exannple a sub- 
stantial neutrality or constancy of nx)lecular charge over a pH range, provides increased flexibility of detergent formu- 
lation constraints, and can allow formulation of detergents with pH closer in several cases to a desired pH. Such 
enzymes can also show less sensitivity than wild-type enzymes to changes of pH during use. 
s [0040] Such a mutant enzyme can bring advantage in activity, stability, and/or wash performance, and/or the capacity 
to be used over a broader pH range, when used as part of a detergent or cleaning composition. 
[0041] Such a mutant enzyme can also reduce undesirable performance changes during a laundry wash cycle by 
showing less sensitivity to changes of pH in the wash liquor. 

[0042] Such an enzyme can be applied with substantially equivalent performance in detergents of relatively high and 
10 relatively low pH. 

[0043] One of the widely used subtilisin proteases (subtilisin 309, referred to above) shows a sensitivity to pH reflected 
in a change of net molecular charge of about 8 units per molecule over the pH range 7 to 11 , from about +5 at the lower 
pH to about -3 at the higher pH. 

[0044] Useful examples of mutant protease enzymes Involved in the present invention can show a lower degree of 
IS variation, e.g. a substantially reduced change of molecular charge, with pH compared with such a wild-type enzyme, 
even approaching substantial constancy and in certain cases neutrality of molecular charge, e.g. a change of not more 
than 5 charge units per molecule. e.g. not more than 3 charge units per molecule, or a lesser change, in some cases 
not more than about 1 charge unit per molecule, over a pH range which may be more or less extended, e.g. the pH 
range from about 8 to about 1 1 , optionally the wider range from about 7 to about 1 1 . 
20 [0045] Most usually the charge becomes more negative witii inaeasing pH. It can be sufficient if tiie mutant protease 
shows a correspondingly reduced rate of change of nnolecular charge witii pH, but over a pH range which is less 
extended than the range 7 to 1 1 , ag. over a pH range of at least 0.5 pH unit, e.g. at least 1 pH unit. e.g. at least 2 or 3 
pH units, such less extended range being located witiiin the pH range from about 7 to about 11. e.g. within tiie range 
about 8 to about 11. 

2S [0046] The molecular charge at pH values witiiin the region of reduced variability of charge with pH can be within tiie 
range +5 to -3 charge units per molecule, e.g. within tiie range -^3 to -1 units, sometimes a net charge witiiin the range 
+/-1 , e.g. +/-0.5). e.g. close to zero or slightly positive. 

[0047] In some cases, the net charge of the protease can for exanple remain almost constant or almost zero witiiin 
a range of variation of +/-1 . or more narrowly +/-0.5 charge per molecule. 
30 [0048] Mutant enzymes according to embodiments of this invention can be made by application of the generally 
known rDNA techniques exenplif ied for example in the publications cited above and references cited therein (incorpo- 
rated herein by reference). 

[0049] The embodiments of mutant enzymes according to tiie invention mentioned below are identified by reference 
to tiie following abbreviations for each of tiie amino acids of natural occurrence in proteins: 

35 





A = 


Ala = 


Alanine 


40 


V = 


Val = 


Valine 




L = 


LeuB 


Leucine 




U 


lle = 


Isoleucine 




P = 


Pro = 


Proline 


45 




Phe = 


Phenylalanine 




W = 


Trp = 


Tryptophan 




M« 


Met« 


Metiiionine 


50 


G» 


Gly* 


Glycine 




S = 


Ser = 


Serine 




T = 


Thr = 


Threonine 




C = 


Cys = 


Cysteine 


65 


Y = 


Tyr = 


Tyrosine 






Asns 


Asparagine 
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(continued) 
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Q = 


Qln = 


Glutamine 


D = 


Asp = 


Aspartic acid 


E = 


Glu = 


Glutamic acid 


K = 


Lys = 


Lysine 


R = 


Arg = 


Arginine 


H = 


His:= 


Histidine 


B = 


Asx = 


Aspor Asn 


Z = 


Glxs 


Glu or Gin 
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protease in the sense of its ^niumrr^l^' f^^^^ ^'^^ suWlisin 

number along the chain of the other proteS^fc^^JL^nnff^^^^^ corresponding position may differ in 



40 



b 
c 
d 
e 
f 



45 i 

k 

g' 

i' 

50 k* 



-H17Q+K27R+H39S; 
■E54D+Y91F+K94R; 

- E54D+Y91F+K94R+H120D; 

- E54D+Y91F+K94R+H120N; 

- Y167F+Y171V+Y192F+Y2o'9F+Y214P 

■ K235L+K237R+K251 E+Y263F; 

■ K235L+K237R+K251N+Y263F; 

- H226S+K235L+K237R+K251N+Y263F- 

■ H226S+K235L+K237R+K251E+Y263f' 

- K235R+K237R+K251 E+Y263F; 

- K235R+K237R+K251N+Y263F; 

- H226S+K235R+K237R+K251N+Y263F- 

■ H226S+K235R+K237R+K251E+Y263F- 



[0056] Particular examples of mutant proteases of interest are mutants as follows: 
B: K235R+K237flfl«51E+Y263F; 
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C: E54D+Y91F+K94R: 

D: K27R+E54D+Y91 F+K94R+Y209F+Y214T+K235R+K237R+K251 E+Y263F; 

E: K27R+E54D+Y91F+K94R+Y167F+Y171V+Y192F+Y209F+Y214T+K235R+ K237R+K251 E+Y263F (all Y K 
changed); 

5 F: as mutant E with two further mutations adding the charge of a D residue and one adding the charge of an E res- 
idue 

G: as mutant F with further mutation of histidines at positions 17.39.120,226 to neutral residues 
H: as mutant G with the N-terminal chemically modified (blocked) to give a neutral group or a group having a pKa 
outside the range from 7- 1 2. 

10 

[0057] Titration curves (calculated) for the proteases B to H, along with that for the wild-type subtilisin 309. are pre- 
sented in the attached Figures 1 to 3. 

[0058] As mentioned In connection with protease H above, and as applicable generally, it can also be useful to modify 
the N-terminal amino-group of the protease (often having a pKg of about 8 in a polypeptide molecular environment), by 
75 treatment with a modifying reagent e.g. to achieve acylation or alkylation of the protease after its production by the pro- 
ducer miao-organism. in order to contribute a degree of stabilisation of the charge at alkaline pH in the range 8-1 1 . e.g. 
by arranging that the result of the blocking treatment replaces the N-terminal amino-group with a group having pKa out- 
side the range about 8-1 1 . e.g. outside the range bout 7-1 2. 

[0059] Suitable methods are disclosed for example in 'Chemical Modification of Proteins'. G.E. Means, R.E. Feeney, 
20 1971 Holden Day Inc. San Francisco, and *ln Vivo Chemical Modification of Proteins' by Finn Wold. Ann.Rev.Biochem. 
50 (1981). 783-814. The most suitable methods include processes (i) to modify the terminal amino-group. leaving a 
positively charged group of higher pK, e.g. by reaction with ethyl acetimidate to convert the amino group to a homogua- 
nidinium group, or by guanidination with 0-methyl isourea; (ii) to neutralise the N-terminal e.g. by acetylation with acetic 
anhydride or carbamylation with cyanate; or (iii) to convert the terminal amino-group to a negatively charged group e.g. 
2S by acylation with succinic anhydride. These methods also affect accessible lysine residues. 

[0060] These enzymes can be used in well-known standard amounts in detergent compositions. The amounts may 
range very widely, e.g. about 0.0002-0.01 , e.g. about 0.005-0.05. Anson units per gram of the detergent composition. 
Expressed in other units, the protease can be included in the compositions in amounts in the order of from about 0.1 to 
100 GU/mg (e.g. 1-50. espedally 5-20 GU/nig) of the detergent formulation, or any amount in a wide range centring at 
30 about 0.01 -4. e.g. 0.1 -0.4 kNPU per g detergent formulation. 

[0061 ] A KNPU is defined as in technical documentation published by Novo Nordisk A/S. 

[0062] A GU is a Glycine Unit, defined as the proteolytic enzyme activity which, under standard conditions, during a 
15-minute incubation at 40°C. with N-acetyl casein as substrate, produces an amount of NHa-group equivalent to 1 
micromole of glycine. 

35 [0063] It can for example be suitable to use the present enzymes at the rate of about 0.25 mg enzyme protein per litre 
of wash liquor, con^esponding to an enzyme activity of the order of 0.08 kNPU per litre. Con-esponding detergent formu- 
lations can contain the enzymes in for example an anrount of the order of 0.1-0.4 kNPU/g. 

[0064] Such compositions comprise in addition to any one or more of the mutant subtilisin enzymes in accordance to 
any of the preceding aspects of the invention alone or in combination any of the usual conponents included in such 

40 compositions which are well-known to the person skilled in the art. 

[0065] Such components comprise builders, such as phosphate or zeolite builders, surfactants, such anionic, cationic 
or non-ionic surfactans. polymers, such as aaylic or equivalent polymers, bleach systems, such as pertwrate- or 
amino-containing bleach precursors or activators, structurants, such as silicate structurants, alkali or acid to adjust pH. 
humectants. and or neutral inorganic salts. 

45 [0066] The detergent compositions can also contain further enzymes. 

[0067] For example, lipase can usefully be added in the form of a granular composition, (alternatively a solution or a 
sluny), of lipolytic enzyme with carrier material (e.g. as in EP-A-258 068 (Novo Nordisk A/S) and the Llpolase and other 
enzyme compositions of Novo Nordisk A/S). 

[0068] The added amount of lipase can be chosen within wide limits, for example 50 to 30.000 LU/g per gram of the 
50 surfactant system or of the detergent composition, e.g. often at least 100 LU/g. very usefully at least 500 LU/g, some- 
times preferably above 1000. above 2000 LU/g or above 4000 LU/g or more, thus very often within the range 50-4000 
LU/g and possibly within the range 200-1000 LU/g. In this specification lipase units are defined as they are In EP-A-258 
068. 

[0069] The lipolytic enzyme can be chosen from among a wide range of lipases: in particular the lipases described in 
55 for example the following patent specifications. EP-A-21 4 761 (Novo Nordisk A/S). EP-A-258 068 and especially lipases 
showing immunological cross-reactivity with antisera raised against lipase from Thermomyces lanuginosus ATCC 
22070. EP-A-205 208 and EP-A-206 390 and especially lipases showing Immunological cross-reactivity with antisera 
raised against lipase from Chromobacter viscosum var lipolyticum NRRL B-3673. or against lipase from Alcaligenes 
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EP ^20? R 3783 also the lipases described in specifications WO 87/00859 (Gist-Brocades) 

Mn.Jn ! * 2 Breweries). Suitable in particular are for example the following commicially availaWe 
l-pase preparations: Novo Lipolase. Amano lipases CE. P. B. AP. M-AP, AML. and CES. and Meito lipa^s K OF 

^pi rr2:M::sr ^^T.S^rsZro^,''^ 

Nordisk A/S) or EP-A-283 075 (Gist-Brocades) may be applied and adapied. ' 
[0071] Similar considerations apply mutatis mutandis in tiie case of other enzymes, which may also be oresent With 
o^hmrtat.on:Amylase«n for example be usedwhen desired, in an amount in the range ^^^^^ 
tose units) per gram of detergent composition, (or 0.014-1 4 eo 0 07-0 7 mUla ^l^ ,,nZ^r^>> ^^ 

EinvtZ are SiSTS,'"''''''''^'''' P^^^* ^'^''^ ^^'^^Se"* compositions 
M this invention, are the following: The compositions may be built or unbuilt, and may be of the zero-P type fi e not ran 

taining any phosphoruscontaining builders). Thus the composition may contain in igregate fw^rSe ramT^^ 

examples of builders include those already mentioned above, and more broadly include alkali rnetal ortho num Ir^ 
tr polyphosphates, alkali metal carbonates, erther alone or in admixture with caLe S^rmlTSL^^^^^^ 
^trtoacetates. cartxj^ethyloxysuccinates. zeolites, polyacetalcarboxylates and so on. 

m a L»m .^^T-^' '^^.^S^"* compositions may contain from 1-35% of a bleaching agent or a bleach precursor 
ora sy^em comprising Weaching agent and/or precursor with activator therefor. Further ^tional ingr«i5,te 
boosters, foam depressors, anti-corrosion agents, soil-suspending agents. sequesteringTgents aSS.rr«SsT.^ 
agents, perfumes, dyes, stabilising agents for the enzymes and so on redeposibon 

Ser2si32t"nd m?' "'tf ""'"'^ ^^^'y ^ ^"^^^ '"""^t'on cotton and 

polyesterbased textiles and mixtures thereof. Especially suitable are for example washing processes carried o.rt at tem 

^:S:Tf- t"'' ^^^^-^^-^ ^ ^^^^^ ^e very suiSTe to^elhTco^i^rs ai 

a rate sufficient to provrie about e.g. 0.4-0.8 g/1 surfactant in the wash liquor, although it is of Suree Swe t?!i 
esser or grea er concentrations if desired. Wittiout limitation it can for example be sJSed laVa^se rat?Sm a^^^ 

[0075] Particular forms Of detergent composition within tiie scope Of the invention include: 

a) A detergent composition formulated as a detergent powder containing phosphate builder anionic surfectarrt 
nonionic surfactant, acrylic or equivalent polymer, perborate bleach precursor, Siino-cortaS,^ Zch aSS' 
silicate or otiier structural, alkali to adjust to desired pH in use. and neutral inorganicl^r ' 

b) A detergent composition formulated as a detergent powder containing zeolite builder, anionic surfactant noni 

or "^""'"rT Tr^"*.. "^'"^^ "^'^^ P^'"^^' amino-containing S?SrT 

cate or other structurant, alkali to adjust to desired pH in use, and neutral inorganic salt. 

*'''T'^*** ^ ^""^"^ ^^^rising anionic surfactant, nonionic sur- 

factant, humectent. organic aad, caustic alkali, with a pH adjusted to a value be^een 9 and 10. 

d) A detergent composition formulated as a nonaqueous detergent liquid comprising a liquid nonionic surfactant 

SZSrr"!' °' ""^'"'^ 4ospSate. causSc aS peS 

monohydrate bleach precursor, and tertiary amine bleach activator, with a pH adjusted to a value beJSeen 



e) A detergent composition formulated as a detergent powder in the form of a granulate having a bulk densitv of at 
least 600 g/l. «,ntaining anionic surfactant and a mixture of nonionic surfactarJs with ^^^^^ 
degrees about 7 and about 3, low or substantially zero neutral inorganic salt, phosphate bSr^rLSS 
precursor, tertiary amine bleach acth^ator, sodium silicate, and minors and moK 

L'l?'^?^? composition formulated as a detergent powder in the form of a granulate having a bulk density of at 
least 600 g/l, containing anronrc surfactant and a mixture of nonionic surfactants with re^ective eJ^ation 
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degrees about 7 and about 3. low or substantially zero neutral inorganic salt, zeolite builder, perborate bleach pre- 
cursor, tertiary amine bleach a ctivator, sodium silicate, and minors and moisture. 

g) A detergent composition formulated as a detergent powder containing anionic surfactant, nonlonic surfactant. 
5 acrylic polymer, fatty acid soap, sodium carbonate, sodium sulphate, clay particles, peftx)rate bleach precursor, ter- 
tiary amine bleach activator, sodium silicate, and minors and moisture. 

h) A detergent composition formulated as a detergent (soap) bar containing soap based on pan-saponified mixture 
of tallow and coconut oil. neutralised with orthophosphoric acid, mixed with protease, also mixed with sodium for- 

10 mate, borax, propylene glycol and sodium sulphate, and then plodded on a soap production line. 

j) An enzymatic detergent conposition formulated to give a wash liquor pH of 9 or less when used at a rate corre- 
sponding to 0.4-0.8 g/l surfactant 

75 k) An enzymatic detergent composition formulated to give a wash liquor pH of 8.5 or more when used at a rate cor- 
responding to 0.4-0.8 g/l surfactant 

I] An enzymatic detergent composition formulated to give a wash liquor ionic strength of 0.03 or less, e.g. 0.02 or 
less, when used at a rate corresponding to 0.4-0.8 g/l surfactant. 

20 

m) An enzymatic detergent composition formulated to give a wash liquor ionic strength of 0.01 or more, e.g. 0.02 
or more, when used at a rate corresponding to 0.4-0.8 g/l surfactant. 

[0076] The invention is further illustrated by the following Exanples and accompanying drawings, wherein: 

25 

EXAMPLES 

[0077] Example A, Rgures 1 -3, and Figure 4 (1/7 to 7/7) of the accompanying drawings relate to construction of cer- 
tain variant proteases within the scope of the present invention, by appropriate rDNA techniques, and to mutated genes, 
30 vectors and mutant and transformed microorganisms useful in the production of the proteases. 

[0078] Exanrple B describes detergent formulations involving the proteases of Example A and gives performance test 
results therefor. 

[0079] Examples D1 -D1 4 describe further detergent formulations into which the proteases of the invention can suit- 
ably be incorporated. 

35 

Example A: 
I: 

40 [0080] Many methods for introducing mutations into genes are well known in the art. After a brief discussion of cloning 
subtilisin genes, methods for generating mutations in both random sites, and specific sites, within the subtilisin gene will 
be discussed. 

[0081] The gene encoding subtilisin may be cloned from any Gram-positive bacteria or fungus by various methods, 
well known in the art. First a genomic, and/or cDNA library of DNA must be constructed using chromosomal DNA or 

45 messenger RNA from the organism that produces the subtilisin to be studied. Then, if the amino-add sequence of the 
subtilisin is knovm. homologous, labelled oligonucleotide probes may be synthesized and used to identify subtilisin- 
encoding clones from a genomic library of bacterial DNA. or from a fungal cDNA library. Alternatively, a labelled oligo- 
nucleotide probe containing sequences homologous to subtilisin from another strain of bacteria or fungus could be used 
as a probe to identify subtilisin-encoding clones, using hybridization and washing conditions of lower stringency. 

50 [0082] Yet another method for identifying subtilisin-producing clones involves inserting fragments of genomic DNA 
into an expression vector, such as a plasmid. transforming protease-negative bacteria with the resulting genomic DNA 
library, and then plating the transformed bacteria onto agar containing a substrate for subtilisin, such as skim milk. 
Those bacteria containing subtilisin-bearing plasmid will produce colonies sunrounded by a halo of clear agar, due to 
digestion of the skim milk by excreted subtilisin. 

55 [0083] Once the subtilisin gene has been cloned into a suitable vector, such as a plasmid, several methods can be 
used to introduce random mutations into the gene. One method is to incorporate the cloned sutrtilisin gene as part of a 
retrievable vector, into a mutator strain of Escherichia coli. 

[0084] /Vnother method involves generating a single stranded form of the subtilisin gene, and then annealing the frag- 
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Zl 1 ni;?T'"i ' ^""♦^^^ ''NA fragment such that a portion of the subtilisin gene remains 

single stranded This discrete, single stranded region is then exposed to any of a number of mutagenic aaerS? 
Z JHZ T"^ T"^^'"'- '^^°-V«'^'"e. nitrous add. formic acid, or Sa ine A S^^^^ 
this rr^ethod for generating random mutations is described by Shortle and Nathans (1978 Pro^ N ^Arad £ Ti a 
75: 2 70.2174). Acco«ling to the method of Shortle and Nathans, the plasmid bear S sSlSJ ge^^^^^^^ 
a restriction enzyme that cleaves within the gene. This nick is widened into a gap using the exonudease a<^^^^^ 
polymerase I. The resulting single stranded gap is then mutated using any'on'e of L IS^:^^::^:^^:^^ 

[0085] Alternatively, the subtilisin gene from a Bacillus species including the natural promoter and other control 
• Sr.S'L M1? "'"^^'n-S replicons for both E. coli and B. subtJis T^eTe^^^rSSenXfc 

. ? ? i P'"^"*"'"" °' Single-stranded plasm W DNA upon superinfeSon wrth hTr 

f^^Sfl Jl"^ """"'^ ^^'^ *^ '^'^""^ «*tilisin gene is isolated and an^SfeS v^^a 

3 but not the coding region of subtilisin. resulting in a gapped duSjmoS^ 

in a r^t^slS^^f the subtilisin gene either with sodium bisu«ite. nitrous acS or form^^acid orl^rSS, 
. J^^nKif u ^° '^^^"^ Since sodium bisulfrte reacts exclusively with cytosine inlsinote 
stranded DNA. the mutations created with this mutagen are restricted only to the coding r Jol "S^on S^i 
bisuifrte concentre , on are varied in different experiments such that from one to f Kre mutato?,ns^rcrSrr sumS 

m a reacton vo ume of 400 micro-l. deaminates about 1% of cytosines in the single-strai^ed regicS ThTSaSo lln 
of mature subtilisin contains about 200 cytosines. depending on the DNA strand AdvantageoSJ^ttie reSS^tZ is 

IT ,. H K^f ^ w^" ^^^^ ^^^^ DNA polymerase I (Klenow fraomem) to 

tTirJ,"lA°* 5'"^"^ "^"^'^ ComP«»«"» COM are then transformed wHTSeJ^ 

Jlt^rTn^S^" ' M ?n '"^ ""^^^ °* "^"^ '^''-^ '""tant '^raries can alS be made b^^^- 

[00871 The mutagens nitrous acid and formic acid may also be used to produce mutant libraries Because these 
2^Sr*".tr fe^^'"9'e-strand«l DNA as sodium bisulfite, the mutagenesis reasons a^^rmlS 

according to the following procedure. The coding portion of the subtilisin gene is cloned in M13 phage by^terS 

. pipage DNA prepared. The single-stranded DNA is then reacted with 1 M niLus 

4^3 for 15^ minutes at 23'>C or 2.4 M forn^c add for 1 -5 minutes at 23''C. These ranges Sr^ctirtSrSSLe^^ 
Tnfd unlvZT'' ° -^"tagenesis. a univei^l primer is annea^S oTe ZtTul 

and dupl« DNA .s synthesized using the mutagenized single-stranded DNA as a femj^ate so that thso^Z p^ 
J^H r^JlT ^°"ble stranded. At this point the coding region ^n be cut o!rt oTtSf S^^o" 

with restriction enzymes and ligated into an unmutagenized expression ved^so that mutations ocair onlv I^I 
restridion fragment. (Myers et al. Science 229 (1985) 242-257) mutations occur only in the 

3"''^ ^"^ ^learable sites for mutation identified these mutations can h« 

I'S.'inltr' r*?''^'"^ o>'9°""cleotides contain nucleotide sequTncesZChe d^rSd 
mutehon sites: mutant nucleotides are inserted during digonudeotide synthesis. anwng tne desired 

thf l!"^ ^'^^^ "^!!°^' ^ ^'"^'^ ^^^"^^ o* °NA. bridging the subtilisin gene, is created in a vector bearina 
StheSS^^^^^^^ bearing the desired mutation. isL^ledtoLhc^^C ^ 

of the singlestranded DNA. The remaining gap is then filled in by DNA polymerase I (Klenow fraoment) and the 

^J^i^Sl' ^ ^ ''^9'"'"' "Sing restriction endonucS^ 

The vector/gene, now containing a gap. is then denatured and hybridized to a vector/gene whidi instid^^rSi^fo 
aw has been cleaved with another restridion endonuclease at a site outside the L iwT^^Tell^^l 
tT£l^J^"V ' "'""'"^ hybridization with mutated oligonudeotides. the remainin^aj iJS^ 

m by the Klenow fragment of DNA polymerase I. the insertions are ligated wifr. T4 DNA lia^e and Zr nnt ™Hn!3 

addta^ manipulation of construding newrestridion 

fJJ^L^^t^l-"^®" °f f.^^'**" ^ ^'-^ ^ ^ '"^'^'^^ oligonudeotides bearing multiple mutations by perform- 
M *'°"rir! ^''^^^ ^" ^^^^^ ^"«ty of "'"tations can be infrod3aSS^Z^ 

byje Morinaga method, because a multitude of digonucleotides. of various lengths, can be irSSSS^ ^ ' 
0091] In carrying out the present invention, a mutated subtilisin gene as defied above can be oroduced bv an« 

form, using an expression vedor. An expression vedor generally fails under the definition of a dortng^Sor^ST^ 
expression vedor usually indudes the components of a typical cloning vedor. namely, an el menXS aZ- 
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omous replication of the vector in a microorganism independent of the genome of the microorganism, and one or more 
phenotypic markers for selection purposes. An expression vector includes control sequences encoding a promoter, 
operator, ribosome binding site, translation initiation signal, and, optionally, a repressor gene or various activator genes. 
[0092] To permit the secretion of the expressed protein, nucleotides encoding a "signal sequence" may be inserted 

5 prior to the coding sequence of the gene. For expression under the direction of control sequences, a target gene to be 
treated according to the invention is operably linked to the control sequences in the proper reading frame. Promoter 
sequences that can be incorporated into plasmid vectors, and which can support the transcription of the mutant subtili- 
sin gene, include but are not limited to the prokaryotic beta-lactamase promoter (Villa-Kamaroff et al, 
Proc.Nat.Acad.Sci.USA 75 (1978) 3727-3731) and the tac promoter (DeBoer et al. Proc.Natl.Acad.Sci.USA 80 (1983) 

10 21-25). Further references can also be found in "Useful proteins from recombinant bacteria", In Scientific American, 242 
(1980) 74-94. 

[0093] According to one embodiment B. subtilis is transformed by an expression vector can-ying the mutated DNA. If 
expression is to take place in a secreting microorganism such as B. subtilis a signal sequence may follow the translation 
initiation signal and precede the DNA sequence of interest. The signal sequence acts to transport the expression prod- 
15 uct to the cell wall where it is cleaved from the product upon secretion. The term "control sequences" as defined atxjve 
is intended to include a signal sequence, when it is present 

II: 

20 [0094] In the following example showing a presently preferred method for constructing and expressing genes to code 
for wild-type and variant protease enzymes in accordance with embodiments of the present invention, the following 
materials are referred to: 

[0095] B. subtilis 309 and 147 are variants of Bacillus lentus. deposited with the NCIB and accorded the accession 
numbers NCIB 10147 and NCIB 10309, and described in US-A-3 723 250 incorporated by reference herein. 
25 [0096] E. coli MC 1000 (M.J.Casadaban and S.N.Cohen, J.MoI.Biol. 138 (1980) 1 79-207), was made r-m+ by con- 
ventional methods and is also described in U.S. patent application Serial No. 039,298. 

[0097] A vector suited to a synthetic gene coding for subtilisin 309 and its mutants was constructed. It is essentially 
a pUCl9 plasmid (see C.Yanish-Perron and J.Messing, Gene 33 (1985) 103-1 19). in which the multiple cloning site has 
been replaced by a tinker containing the restriction sites used to separate the five sub-fragments constituting the gene. 
30 The new linker was inserted into Eco Rl - Hin dill cut pUCI 9 thereby destroying these sites. 

(RI) Kpnl PstI EcoRI Hind3 Clal SphI Bam (H3) 
AATTGGTACCCTGCAGGAATTCAAGCTTATCGATGGCATGCGGATCC 

CCATGGGACGTCCTTAAGTTCGAATAGCTACCGTACGCCTAGGTCGA 

[0098] A synthetic gene coding for the mature part of subtilisin 309 was constructed as shown by the following 
40 description and the diagrams given in Figure 4 (sheets 1/7 to 7/7) of tiie accompanying drawings. The structure of the 
syntiietic gene is summarised in sheets 1/7 to 4/7. which also indicate fragments used in the construction. Each sub- 
fragment was made from 6 to 12 oligonucleotides. The oligonucleotides were synthesised on an automatic DNA syn- 
thesiser using phosphoramidite chemistry on a controlled glass support (see S.L. Beaucage and M.H. Carrutiiers. 
Tetrahedron Letters 22 (1981) 1 859-1869). Dots in ttie 5*-end of ttie oligonucleotides in tfie Figures are a means to indi- 
45 cate that these oligonucleotides have been phosphorylated. Duplexes (indicated in sheets 1/7 to 4/7) were formed from 
corresponding pairs of oligonucleotides by heating for 5 min at 90**C followed by cooling to room temperature over a 
period of 75 min. The duplexes were mixed and treated with T4 DNA ligase. 

[0099] The five subfragments were isolated on a 2% agarose gel and inserted into pSXISI . The sequence was ver- 
ified by dideoxynucleotide sequencing. Fragments A-E were isolated and ligated together witii KpnI-BamHI cut 

50 pXS191. The ligation mixtures were used to transform competent E coli MCI 000 r-,nrH- selecting for anpicillin resist- 
ance. The 850 bp KpnI-BamHI fragment that constitutes the part of the subtilisin 309 gene coding for the mature part 
of the enzyme was then used to replace the wild type gene on pSX212 giving rise to pSX222. which was then trans- 
formed into competent B. subtilis SHa273. After fermentation of tiie transformed strain and purification of the enzyme 
it was shown that the product was indistinguishable from tiie wild type product 

55 [01 00] Protease variants derived from the synthetic gene are made by using oligonucleotides with altered sequence 
at tiie place(s) where mutation is wanted (e.g. with sequences as given below) and mixing them with the rest of the oli- 
gonucleotides appropriate to the synthetic gene. Assembly of the variant gene is carried out with the variant materials 
in a manner otherwise analogous to that described above. Furtiier information on synthetic genes generally is available 
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in Agarval et al, Nature 227 (1970) 27-34. 

JOIOI] A Kpnl site was introduced into the beginning of the subtiiisin 309 synthetic gene encodina the mahirp nart n, 
the enzyme. The method used is called oligonucleotide directed douWeLS brSk re^TrS^aS^^^^^ 
described by Wlodek Mandecki in Proc.Nat.Acad Sci USA 83 f198ffl 7177 7ifti nQYi-w ^^f^f * 
beginning ofjjema^repart Of the sub«n309geta^^^^^ 

two bases without changing the amino acid sequence. pSX172 irdescribed in EP A 4ns Qni r^l ^ i . changing 
SIS ^TT 1'"^*' »" S**9 IS'" PSX222. 

!22B (overlap between A2 and A3) 
[0105] 



5*- GTAAGAGTTGCTGTCCTCGATACAGGGATA -3' 
3'- TTGGCACCTAACTGTCCAAGACCACATTCT -5 ' 

E54D (fragment Bl) 

5-. AGCTTTGTACCAGGGGATCCGTCGACTCAAGATGGG -3' 

I i ! 1 1 I i ; ; j j ; I * ; ; • j ; j I [ j 1 1 1 1 1 1 1 1 I 

3*- AACATGGTCCCCTAGGCAGCTGAGTTCTACCCTTA^ -5* 
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Y91F , K94R (fragment B4) 

5*- GTAGCGCCGAGCGCTGAGCTATTCGCTGTTAGAGTC -3' 

I I I 1 I I I I I I I I I I I I * I I I I I I I I * I !! ! 
I I I I I I I I I • f I I fill 

3 • - GGCTCGCGACTCGATAAGCGACAATCTCAGGATCCCCGC -5 * 
Y167E . Y171V (fragments Dl and D2) 

5'- AATTCAGGTCCAGGCTCAATCAGCGAACCGGCC -3* continues 

I I I I I I I I I I I I 1 1 1 t I I I I «**(!!!!!!!!*• ! 
I I I I I I I I I I I I I I I I I I I I t t I I I I I I I I 

3'- GTCCACGTCCGAGTTAGTCCCTTGCCOGCCCGCAA -5' 

5 • - CGCGTTGCGAACGCAATGGCAGTOCGAGCTACTGATCAAAAC -3 ' 
I I I I 

Y167F . Y171V (fragments Dl and 02) 

5'- AATTCAGGTGCAGGCTCAATCAGCTTTCCGGCT -3* continues 

iiiiiifiiiiiiiiiiiiii*iiiiiiiiii**( 
I I I I t f t t I I 1 I I I I I I I I I ) t I I I I I I I I t I 

3 • - GTCCACGTCCGAGTTAGTCGAAAGGCCGAGCGCAA 

5'- CGCGTTGCGAACGCAATGGCAGTCGGAGCTACTGATCAAAAC -3* 

III**) 
I I I I 

Y192E (fragment D3) 

5'- AACAACCGCGCTAGCTTTTCACAGGAAGGCGCAGGC -3* 
I t 1 I I I I I I I I t I I I I I I * I * I I I ■ I t ! I 1 

I I I I I t I I t I I I I I t I t t I I I I I I I I M 

3'- GCGCGATCGAAAAGTGTCCTTCCCCGTCOGGAACTG -5' 
X192r (fragment D3) 

5'- AACAACCGCGCTAGCTTTTCACAGTTTGGAGCACGC -3' 

I I I I t I I I t I I I I I I I I * I I I * I I I ! I ! I 
I I I I I I I I I I I I 1 I I I I I I I I I I I I I I 

3'" GCGCGATCGAAAAGTGTCAAACCTCCTCCGAACTG -5' 
Y209F . Y214T (fragments D4 and D5) 

1*11!! 

3»- TAACAGCGTGGGCCCCATTTGCACXSTCTCGTGTAAGGGT -5' continues 
5*- TTCCCAGGTTCAACAACTGCCAGCTTAAACGGTACAT -3' 

l«lllllllllllM*«llllllllltllllllllll 
l^lllllllllllll'^IIIIMIIMIIIItlllll 

3'" CCAAGTTCTTGACGCTCGAATTTCCCATGTAGC -5 ' 
K23SR , K237R (fragment E2) 

5'- CTTGTTAGACAAAGGAACCCATCTTGGTCTAATGTACAA -3' 
I « I I I I I * I I I I I I I I I I • I I I I I I I I I I I t I t 
I I I I I I t 1 t I I I I I I I 1 I I I I I I I t I I I I I 1 

3** TCTGTTTCCTTGGGTAGAACCAGATTACATGTTTAAGCrr -5' 
K251E (fragment E3) 

5'- ATTCGAAATCATCTAGAGAATACGGCAACTCGTTTA -3' 
I I I I I I I I I * I I I I I I I I I I I I • t I I t I I I 
I I I I t I I I I I I I 1 I I I I I I I I t I I i I I I I 

3'- TTAGTAGATCTCTTATGCCGTTGATCAAATCCTTCGTGC -5* 
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IS 



25 



30 



35 



40 



45 



Y263F (fragment E4) 

5'- GGAAGCACGAACTTGTTTGGAAGCGGACTTGTTAACGCA -3* 

3*- TTGAACAAACCTTCGCCTGAACAATTGCGTCTTCGC -5 ' 



[01 061 These Oligonucleotides were combined with the rest of the oligonucleotides from the synthetic gene that were 

Z^!T^^^^^^^ ^' ^' ' "'9^^^ C where Lre wtHo 

changes needed for the variants under construction. 

Ill: 

vSZff'?'^'"^ "^"""^ °" ''^ '"^de in analogous manner, and the transformed B sub- 

tilis subjected to fermentation and post-processing to purify the wanted enzyme. Jransrormea b sub 

IV: 

applicable purification procedure relates to a typical purification of a 10 litre scale fermentation 
of the Subtilisin 1 47 enzyme, the Subtilisin 309 enzyme or mutants thereof 

inn? ' Approximately 8 litres of fermentation broth are centrifuged at 5000 rpm for 35 minutes in 1 litre beaker*. The 
^"^'"^^ *° "^'"9 ^ °* «'=^*= filtered on Seitz Supra SI 00 filter plates 

S Y1?UF f rtX^ '^a^lT'^ to approximately 400 ml using an Amicon CH2A UF unit equpped wrth an Ami- 
^IZl Ji -^T^ The UF concentrate .s centrifuged and filtered prior to absorption at room tenperature on a 
r!!Z rT" ^K?"!" P™*"^'^ «t temperatureusing 25% 2- 
dTchlon-^ IduiS to ^ 7 ^ ° bo"C ^dd and 0.002 M cal- 

^pnh^LI?^*^,^!!!^"''^^^ ^TT ^"^i!"^ P"^'"*^^*'^" ='«P ""^'"ed and applied to a 750 ml 
aK".^umlrdl'5:u^:2^rS^ 

[0112] Fractions with proteolytic activity from the Sephadex G25 column are combined and applied to a 150 ml CM 
0.2 M boric aad. and 0.002 M calcium chlaide adjusted to pH 6.5. j a a«u. 

SVi- ^.f. ^-^^^ elated using a linear gradient of 0-0.1 M sodium chloride in 2 litres of the same buffer (0-0 2 
M sodium chloride in case of sub 147). o uunw vw 

centrated in an Amicon ultrafiltraton cell equipped wHh a GR81PP membrane (from the Danish Sugar Factories IikO- 
Example B 

[01 15] Titration curves and wash performance of some representative examples of the proteases and detergent oom- 
posiftons according to the present invention are as follows: Bases, ana aeiergem com 

[01 16] Mutant protease enzymes A.B and C. formed by the methods described in Example A. have been tested Their 
ammo aad sequence corrsponds to that of subtilisin 309. with the following mutations: 



Protease: 
50 [0117] 

A: K27R 

B: K235R+K237R+K251E+Y263F 
C: E54D+Y91F+K94R 



55 



SllS calculated titration curves are shown in Figure 1 afong with the curve for subtilisin 309 
[0119] Also shown in Figures 1 to 3 are calculated titration curves for further mutants: 
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D: K27R+E54D+Y91F+K94R+Y209F+Y214T+K235R+K237R+K251E+Y263F 

E: K27R+E54D+Y91 F+K94R+Y1 67F+Y1 71 V+Y1 92F+Y209F+ Y21 4T+K235R+K237R+K251 E+Y263F 
F: as mutant E with two further mutations adding the charge of a D residue and one adding the charge of an E res- 
idue 

5 G: as mutant F with further mutation of histidines at positions 17,39.120.226 to neutral residues 
H: as mutant G with the N-terminal chemically modified (blocked) to give a neutral group. 

[0120] The proteolytic activity of the mutant enzymes can be assayed by the dimethyl casein (DMC) method 
desaibed in NOVO Publication AF 220-gb (or later editions), available from Novo-Nordisk a/s, Bagsvaerd. Denmark. 
10 which publication is hereby included by reference. 

[0121 ] Wash tests have been carried out in the following detergent system: The wash liquor was a 0.83 g/l solution at 
20**C derived from the following detergent formulation (% by wt) : 



IS 





Sodium linear alkylbenzene sulphonate 


25 




AS 


7 




AES 


2 


20 


AOS 


2 




Soap 


3 




AE 


2 


25 


Zeolite A 


22 




Sodium silicate 


5 




Sodium sulphate 


4 


30 


Polyethyleneglycol 


2 


Sodium caibonate 


17 



[0122] Test cloths (2.2cm x 2.2cm), approximately 0.1 g) are produced by passing desized cotton (1 00% cotton. DS 
71) cloth through the vessel in a Mathis Washing and Drying Unit type TH (Werner Mathis AG, Zurich, Switzerland) con- 
35 taining grass juice. Finally the cloth is dried in a strong air stream at room temperature, stored at room tenperature for 
3 weeks, and subsequently kept at -18''C prior to use. 

[0123] All tests are performed in a model miniwash system. In this system 6 test cloths are washed in a 1 50 ml beaker 
containing 60 ml of detergent solution. The beakers are kept in a thermostat water bath at 20**C with magnetic stirring. 
[0124] The washings are performed for 10 minutes, and subsequent to the washing the cloths are rinsed in running 
40 tap-water for 25 minutes in a bucket. 

[0125] The cloths are then air-dried overnight (protected against daylight) and the reflectance, R, determined on an 
ELREPHO 2000 photometer from Datacolor S.A., Dietkikon. Switzerland at 460 nm. 

[0126] As a measure of the wash performance differential reflectance, delta R. is used, being equal to the reflectance 
after wash with enzyme added minus the reflectance after wash with no enzyme added. 
45 [0127] The improvement factor is calculated from a dose-response curve, and relates to the amount of enzyme 
needed for obtaining a given delta R value in conparison to the wild type enzyme in question. Here, the performance 
of the enzymes was compared with that of 'wild type* subtiiisin 309 fwf). For example, an improvement factor of 2 indi- 
cates that only half the amount of enzyme is needed to obtain the same delta R value. 
[01 28] Results were as follows: 

50 



Protease: pl(calc) 


Improvement factors at indicated pH: 






pH: 


8 


9 


10 


11 


wildtype 
A 


10.1 
10.2 




<1 


<1 


2.3 


1.3 
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(continued) 



75 



20 



25 



35 



Protease: pl(calc) 


Improvement factors at indicated pH: 






PH: 


8 


9 


10 


11 


B 


9.6 




1.4 


1.3 


3.6 


1.9 


C 


10.4 




<1 


<1 


1.8 


2.2 


a + g' 


10.1 




1.2 


1.4 


1.4 


1.0 



10 



[0129] The preferred example of these mutant proteases is protease B, showing the least steep titration curve and 
the largest improvement factor with respect to the wild type enzyme. piiraiion curve ana 

[0130] The following further non-limitative examples show detergent formulations in accordance with the invention: 
Detergent 01: 

[0131] A detergent powder according to an embodiment of the invention containing phosphate builder is formulated 
toconta.n:totaIadive detergent about16%.anionicdetergent about 9%. nonionicdete^^ 
ta.n.ng builder about 20%. acrylic or equivalert polymer about3.5%. (alternatively down to ab^^ 
trr«^oJ°3 .1 '^ alternatively about 15-20%. amino-oont^ning bleach acLor about 2%. siliJi^eS^her" rS 
njrant about 3.5% a«ernat«.ely up to about 8%. enzyme of about 8 glycine units/mg activity, with alkali to adjust to 
desired pH in use. and neutral inorganic salt, and enzymes (about 0.5% each enzyme) 

hJntlL ■^^V™°™'=^«^9^nt is a mixture of sodium dodecyl-benzene sulphonate. alternatively sodium linear alkyi 
benzene sulphonate. ^. and pnmary alkyI sulphate 3%. The nonionic detergent is an ethoxytete of an approx c i- 
mlf Sr?'^ alcohol wrth 7 ethoxylate residues per mole. The phosphate builder is sodium tripolyphosphalaThe poly- 
rTlTJ' "^'TJ f T*""' acrylic/maleic copolymer. The perborate bleach precui^r is Sdium tetrabor^t^- 
Itll ^iTc^? J^'^T"' tetra-acetyl-ethylene^iamine. The structurant is sodium silicate. The neu^Sl 
inorganic salt IS sodium sulphate. The enzymes comprise protease B described above. 

30 Detergent Dia: 

[0133J A detergent powder according to an embodiment of the invention containing phosphate builder is formulated 

ta^n ng builder about 25%. acryhc or equivalent pdymer about 0.5%. perborate bleach precursor about^ amino- 
conteining bleach acti,«^or about 2%. silicate or other structurant about 6%. piotease enzyme of about 8 gS 

enS. *° *° "^^'^ ^"^ ^y^^ («bout 0.5% S 

[0134] -me anionic detergent is sodium linear alkyl*enzene sulphonate. The nonionic deteipent is an ethoxylate of 

alcohol eth03vlated to the extent of 3 residues per mole. The phosphate builder is sodium tripolyphosphate. Theperbt? 

^ P^,«^f <lif sodium tetraborate tetrahydrate. The activator is tetra-acetylethylene^liaminrThe 
S, " sodium sulphate. The enzymes comprise protease I 



40 



50 



45 Detergent D2: 

A ?®!!-^®? according to an embodiment of the invention containing zeolite builder is formulated to 

IIT 5^^"' ^"^^ "^^'^'^^"^ ^ ^' d«»«^9em about 6%. zeolite-containing 

builder about 20%. acrylic or equivalent polymer about 3.5%. peitxjrate bleach precureor about 6-18%. amino-contain- 
inglj^^ch activator atMut 2%. silicate or other structurant about 3.5%. alternatively down to about 2.5%. enzyme of 
abotrt 8 (alternatvely about 15) glycine units/mg grade, with alkali to adjust to desiri pH in use. and ne^fS^S 
salt, and enzymes (about 0.5% each enzyme). 

Sno c^L!!!or''^?T"* " ^ "^T? °' dodecyl-benzene sulphonate. alternatively sodium linear alkyI 
benzene sulphonate. 6% and primary alkyI sulphate 3%. The nonionic detergent is an ethoxylate of an approx ClT 

acd The pertxjrate bleach precursor is sodium tetraborate tetrahydrate or monohydrate. The activator is tSaaceM- 
ethylenediamine. The structurant is sodium silicate. The neutral inorganic salt is sodium sulphate. The enzymes com- 
prise protease B desaibed above. /■•■«»oMjm 



55 
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Detergent D2a: 

[0137] A detergent powder according to an embodiment of the invention containing zeolite kxjilder is formulated to 
contain: total active detergent about 14%, anionic detergent about 7%, nonionic detergent alDOut 7%, zeolite-containing 

5 builder about 25%. acrylic or equivalent polymer about 3%, perborate or peracid bleach precursor about 10%, amino- 
containing bleach activator about 2%, silicate or other structural about 0.5%, enzyme of about 6 glycine units/mg 
grade, with alkali to adjust to desired pH in use, and neutral inorganic salt, and enzymes (about 0.5% each enzyme). 
[0138] The anionic detergent is sodium linear alkyi benzene sulphonate. the nonionic detergent is a mixture of ethox- 
ylates of an approx. C13-C15 primary alcohol with 7 and 3 ethoxylate residues respectively per mole. The zeolite 

10 builder is type A zeolite. The polymer Is an acrylic/maleic copolymer. The pertx)rate bleach precursor is sodium tetrab- 
orate monohydrate. The activator is tetra-acetyl-ethylene-diamine. The structurant is sodium silicate. The neutral inor- 
ganic salt is sodium sulphate. The enzymes comprise protease B described above. 

Detergent D3: 

75 

[0139] An aqueous detergent liquid according to an embodiment of the invention is formulated to contain: 
Dodecylbenzene-sulphonic acid 16%, C12-C15 linear alcohol condensed with 7 mol/mol ethylene oxide 7%, monoeth- 
anolamine 2%. citric acid 6.5%, sodium xylenesulphonate 6%, sodium hydroxide about 4.1%, protease 0.5%. minors 
and water to 100%. The pH is adjusted to a value between 9 and 10. The enzyme comprises protease B and/or C 
20 described above. 

Detergent D4: 

[0140] A nonaqueous detergent liquid according to an embodiment of ttie invention is formulated using 38.5% C13- 
25 CI 5 linear primary alcohol alkoxylated with 4.9 mol/n^iol ethylene oxide and 2.7 mol/mol propylene oxide, 5% triacetin. 
30% sodium triphosphate, 4% soda ash. 15.5% sodium perborate monohydrate containing a minor proportion of oxob- 
orate, 4% TAED. 0.25% EDTA of which 0.1% as phosphonic add. Aerosil 0.6%, SCMC 1%, and 0.6% protease. The pH 
Is adjusted to a value between 9 and 10, e.g. about 9.8. The enzyme comprises protease B and/or C described above. 

30 Detergent D5: 

[0141 ] A detergent powder according to an emtK)diment of the invention is formulated in the form of a granulate having 
a bulk density of at least 600 g/i, containing about 20% by weight surfactant of which about 1 0% is sodium dodecylben- 
zene sulphonate, and the remainder is a mixture of Synperonic A7 and Synperonic A3 (about 5.5% to 4.5%), and zero 
35 neutral inorganic salt (e.g. sodium sulphate), plus phosphate builder about 33%, sodium perborate tetrahydrate about 
16%, TAED activator about 4.5%, sodium silicate about 6%. and minors including sodium cart)onate about 2%, and 
moisture content about 10%. Enzymes (about 0.5% each enzyme) are included. The enzyme conrprises protease B 
desalbed above. 

40 Detergent D6: 

[01 42] A detergent powder according to an embodiment of the invention is formulated in the form of a granulate having 
a bulk density of at least 600 g/l. alternatively about 550 g/l, containing about 20%, alternatively down to about 16%, by 
weight surfactant of which about 9%, alternatively about 7%, is sodium dodecylbenzene sulphonate. alternatively 

45 sodium linear alkyI benzene sulphonate, arxl the remainder is a mixture of Synperonic A7 and Synperonic A3 (or simitar 
ethoxylates) (respectively about 5% & 6%, alternatively about 4% and 7%). and zero neutral inorganic salt (e.g. sodium 
sulphate), plus zeolite builder about 30%, alternatively about 25%. sodium pert)orate tetrahydrate, alternatively mono- 
hydrate, about 14% or 15%, TAED activator about 3.6%. and minors including sodium carbonate about 9%, or up to 
15%. Dequest2047 about 0.7%. and moisture content about 10%. Enzymes (about 0.5% each enzyme, or about 0.2% 

50 lipase and about 0.7% protease) are included. The enzyme comprises protease B described above. 

Detergent D6a: 

[0143] A detergent powder according to an embodiment of the invention Is formulated in the form of a granulate having 
55 a bulk density of at least 600 g/l, containing about 15% by weight surfactant of which about 7% is sodium linear alkyI 
benzene sulphonate. 2% primary alcohol sulphate, and the remainder Synperonic A7 or similar ethoxylate, and zero 
neutral inorganic salt (e.g. sodium sulphate), plus zeolite builder about 22%. sodium perborate tetrahydrate about 15%. 
TAED activator about 7%, and minors including sodium cartx)nate about 15%, Dequest 2047 about 0.7%, and moisture 
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content about 1 0%. Enzymes (about 1 .2%) include protease B described above. 
Detergent D7: 

[01 44] A detergent powder according to an embodiment of the invention is formulated to contain: 
Dodecylbenzenesulphonic acid 6%. C12-C15 linear alcohol condensed with 7 mol/mol ethylene oxide 5%, fatty acid 
soap 3%. Sokolan CPS polymer 3%. zeolite A 22%, sodium carbonate 10%, sodium sulphate 17%, clay particles 8%. 
sodium perborate tetrahydrate 13%, tetraacetyl-ethylenediamine 2%, protease 0.5%. minors and water to 100%. The 
pH is adjusted to a value between 9 and 10. The protease enzyme comprises protease B described above. 

Detergent D8: 

[0145] A detergent (soap) bar according to an embodiment of the invention is formulated as follows: soap based on 
pansaponified 82% tallow. 18% coconut oil. neutralised with 0.15% orthophosphoric acid, mixed with protease (about 
8 GU/mg of the bar composition) and mixed with sodium formate 2%. borax 2%, propylene glycol 2% and sodium sul- 
phate 1%, is then plodded on a soap production line. The protease enzyme comprises protease B and/or C as 
desaibed above. 

Detergent D9: 

[0146] Structured liquid detergents can for example contain, in addition to a protease as described herein. 2-15% non- 
ionic surfactant. 5-40% total surfactant, comprising nonionic and optionally anionic surfactant. 5-35% phosphate-con- 
taining or non-phosphatecontaining builder, 0.2-0.8% polymeric thickener. e.g. crosslinked acrylic polymer with m.w. 
over 106. at least 10% sodium silicate. e.g. as neutral watergiass. alkali (e.g. potassium containing alkali) to adjust to 
desired pH. preferably in the range 9-10 or upwards, e.g. above pH 1 1 , with a ratio sodium cation: silicate anion (as free 
silica) (by weight) less than 0.7:1 , and viscosity of 0.3-30 Pas (at 20**C and 20 s-1). 

[0147] Suitable examples contain about 5% nonionic surfactant C13-15 alcohol alkoxylated with about 5 EO groups 
per mole and witii about 2.7 PO groups per mole, 15-23% neutral water-glass with 3.5 weight ratio between silica and 
sodium oxide, 13-19% KOH, 8-23% STPP. 0-11% sodium carbonate, 0.5% Carbopol 941. 
[0148] Protease may be incorporated at for example 0.5% of protease B described above. 

Detergent D10 

[0149] A structured, viscous, aqueous liquid detergent suitable for laundry use is formulated as follows (% by weight): 



Citric acid 


2.5 


Borax (lOaq) 


4 


NaOH 


2 


Glycerol 


5 


C14-C15 Linear alkyi benzene sulphonate. or C14-1 5 primary alcohol sulphate 


6.5 


Synperonic A3 Nonionic C12-C15 3EO 


1.2 


Synperonic A7 Nonionic C12-C15 7E0 


3.6 


Zeolite 


20 


Protease 


0.5 


Amylase (Termamyl 300LDX) 


0.2 


minors and water 


to 100% 



[0150] The pH can be adjusted to a value between 9 and 1 0. The enzyme is protease B described above. 
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Detergent D11 

[0151] An isotropic aqueous liquid detergent suitable for laundry use is formulated as follows (% by weight): 



Citric acid 


2 


Boric acid 


1 


NaOH 


3 


KOH 


4.5 


Glycerol 


10 


Ethanol 


6.5 


Nonionic surfactant (C12-alcohol 6.5 EO ethoxylate groups/mol) (or sodium primary alcohol sulphate) 


10 


Oleic acid 


16 


Coconut oil (CI 2) soap 


11 


Protease 


0.5 


minors and water 


to 100% 



[0152] The pH can be adjusted to a value between 9 and 1 0. The enzyme is protease B and/or C as described above. 

25 

Detergent D12 

[0153] An aqueous liquid detergent composition is formulated to contain: 

30 



Sodium alkyl-benzene-sulphonate 


14.5 


CIS sodium soap 


2 


Nonionic detergent (C12-15 6E0) 


9 


Fatty acid (oleic acid) 


4.5 


sodium alkenyl succinate 


11 


propanediol 


1.5 


ethanol 


3.6 


sodium citrate 


3.2 


Conrplexing agent e.g. Deques! 2060 


0.7 


Protease 


0.5 


Amylase 


0.1 


Sodium chloride 


0.5 


minors and water 


to 100% 



[0154] The pH can be adjusted to a value between 9 and 1 0. The enzyme Is protease B and/or C as described above. 
Detergent D1 3 

55 

[0155] An aqueous liquid detergent composition is formulated to contain: 
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sodium alkyl-benzene-sulphonate 


8 


nonionic detergent 6.5EO 


10 


Oleic diethylamide 


10 


Fatty acid (C12/C18 75:25) 


18 


sodium citrate 


1 


triethanolamtne 


5 


propanol 


7 


ethanol 


5 


Dequest 2060 


0.5 


Protease 


0.5 


Amylase 


0.1 


minors and water 


to 100% 



[0156] The pH can be adjusted to a value between 9 and 1 0. The enzyme is protease B and/or C as desaibed above. 
25 Detergent D1 4 

[0157] A non-aqueous liquid detergent composition is formulated to contain (% by weight): 

30 



Liqutd nonionic detergent (CI 0-12, 6.2EO) 


41% 


triacetin 


5 


linear alkylbenzenesulphonic acid 


6 


n^gnesium oxide stabiliser 


1 


Sodium carbonate builder/base 


18 


Calcium cart>onate builder 


8 


bleach activator TAED 


3.5 


bleach precursor pert>orate monohydrate 


10.5 


partly-hydrophobic silica 


2 


protease 


0.4 


lipase (Lipolase) 


3 


minors or additional liquid nonionic surlactant (no water) 


to 100% 



so [01 58] In formulating this composition, the liquid nonionic surlactant and triacetin are added first, followed by the mag- 
nesium oxide, then the other ingredients except enzyme. The mixture is milled in a colloid mill and cooled, and finally 
the enzyme(s) and any other heat-sensitive minors are added. 
[01 59] The enzyme is protease B described above. 

[0160] Also usable are any one of the detergent formulations described and exemplified in EP-A-342 1 77 in conjunc- 
55 tion with for example protease 6 described above. 
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Claims 

1 . An enzymatic detergent composition comprising a mutant subtilisin 1 47 or 309 protease carrying at least one nrurta- 
tion of its amino acid sequence resulting in a lower degree of variation, conpared with the parent protease, of the 

5 molecular charge of the protease over a pH range of at least 0.5 pH unit within the pH range of about 7 to about 
11, said protease comprising at least one of the following mutations: H17Q, H39S. E54D, H120N, Y167E. Y167F. 
Y171V. Y192E, Y192F. Y209F. Y214F, H226S. Y263F 

2. A detergent composition according to claim 1, characterised in that said lower degree of variation of net charge is 
10 exhibited within a pH range of at least 1 pH unit, preferably at least 2 pH units, within the pH range between about 

7 and about 11. 

3. A detergent composition according to any of claims 1 to 2, characterised in that said lower degree of variation of 
net charge is exhibited over substantially the whole of the pH range between about 8 and about 11, preferably 

15 about 7 to about 11. 

4. A detergent composition according to any of claims 1 to 3, characterised in that the net charge of the protease 
remains almost constant or almost zero within a range of variation of +/-1 charge per molecule. 

20 5. A detergent composition according to any of claims 1 to 4. characterised in that said almost constant or almost zero 
net charge has a range of variation within the range 4-/-0.5 charge per molecule. 

6. A detergent composition according to any of claims 1 to 5, characterised in that it carries at least one of the follow- 
ing mutations or sets of mutations: 

25 

b-H17Q+K27R+H39S: 

C-E54D+Y91F+K94R; 

d - E54D+Y91 F+K94R+H1 20D; 

e- E54D+Y91F+K94R+H120N: 
30 f ■ Y1 67F+Y1 71 V+Y1 92F+Y209F+Y21 4T; 

g - K235L+K237R+K251E+Y263F; 

h • K235L+K237R+K251N+Y263F: 

I - H226S+K235L+K237R+K251N+Y263F; 

k- H226S+K235L+K237R+K251E+Y263F; 
35 g'-K235R+K237R+K251E+Y263F; 

h' - K235R+K237R+K251 N+Y263F: 

i' - H226S+K235R+K237R+K251 N+Y263F; 

k* - H226S+K235R+K237R+K251 E+Y263F 

40 7. A detergent composition according to claim 6, characterised in that it carries at least one of the following mutations 
or sets of mutations: 

sets a+c+f+g, b+d+f+i. b+e+f+K b+e+f+i. b+d+f+k, a+c+f+g', b4<l+f+i'. b+e+f+k*. b+e+f+i\ b+d+f+k*. where the let- 
ters denote the mutations or sets of mutations indicated in daim 6 and "a" means the mutation K27R. 

45 Patentansprache 

1 . Enzymatische Waschmittelzusammensetzung, umfassend eine mutante Subtilisin 147 Oder 309 Protease, die min- 
destens eine Mutation ihrer Aminosduresequenz trdgt. die. verglichen mit der Stammprotease, zu einem geringe- 
ren Variationsgrad der MolekOlladung der Protease Ober einen pH-Bereich von mindestens 0,5 pH-Einheiten 

so Innerhalb des pH-Bereichs von etwa 7 bis etwa 1 1 fOhrt. wobei die Protease mindestens eine der nachstehenden 
Mutationen umfaSt: H17Q, H39S, E54D. H120N, Y167E. Y167F. Y171V, Y192E. Y192F, Y209F, Y214F, H226S, 
Y263R 

2. Waschmittelzusammensetzung nach Anspruch 1 . dadurch gekennzeichnet. daB der geringere Variationsgrad der 
55 Nettoladung sich innerhalb eines pH-Bereichs von mindestens 1 pH-Einheit, vorzugsweise mindestens 2 pH-Ein- 

heiten innerhalb des pH-Bereichs zwischen etwa 7 und etwa 1 1 zeigt. 

3. Waschmittelzusammensetzung nach einem der AnsprQche 1 bis 2, dadurch gekennzeichnet. daB der geringere 
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Variationsgrad der Nettoladung sich im wesentlichen uber den gesamten pH-Bereich zwischen etwa 8 und etwa 
1 1 , vorzugsweise etwa 7 bis etwa 1 1 , zeigt. 

4. Waschmittelzusammensetzung nach einem der AnsprOche 1 bis 3. dadurch gel«nnzeichnet, daB die Nettoladung 
der Protease innerhalb eines Variationsbereichs von ±1 Ladung pro Molel^OI fast l<onstant Oder fast null bleibt 

5. Waschmittelzusammensetzung nach einem der AnsprOche 1 bis 4. dadurch gekennzeichnet. daB die fast ton- 
stante Oder fast null Nettoladung einen Variaf onsbereich innerhalb des Bereichs von ± 0.5 Ladung pro Molekul auf- 

WGISt. 

6. Wasdimittelzusammensetzung nach einem der AnsprOche 1 bis 5. dadurch gel«nnzeichnet. daS sie mindestens 
eine der nachstehenden Mutetionen oder Serien von Mutetionen tragt: 

b-H17Q+K27R+H39S; 

C-E54D+Y91F+K94R; 

d - E54D+Y91 F+K94R+H120D; 

e - E54D+Y91F+K94R+H120N; 

f - Y167F+Y171V+Y192F+Y209F+Y214T; 

g - K235L+K237R+K251E+Y263F; 

h • K235L+K237R+K251N+Y263F; 

i - H226S+K235L+I«37R+K251N+Y263F: 

k • H226S+K235L+K237R+K251E+Y263F; 

g' - K235R+K237R+K251E+Y263F; 

h' • K235R+K237R+K251N+Y263F; 

i' - H226S+K235R+K237R+I^51 N+Y263F; 

k' - H226S+K235R+K237R+K251 E+Y263F. 

7. Waschmittelzusammensetzung nach Anspruch 6. dadurch gekennzeichnet. daB sie mindestens eine der nachste- 
henden Mutetionen oder Serien von Mutationen tragt: 

Rnrhl1,'^*i^V^^t*"' b+e+^+i'- ^f*^' wobei die 

Buchstaben die Mutationen oder Serien von Mutationen. die in Anspruch 6 ausgewiesen sind. bedeuten und "a" 
die Mutation K27R bedeutet 

Revendications 

1. Composition d^ergente enzymatique comprenant une prot6ase mutente de subtilysine 147 ou 309, portant au 
moms une iTiutetion de sa sequence d'acides amines r6sultent en un degr6 Int6rieur de variation, en comparaison 
avec la protfease apparent6e. de la charge mol^cufaire de la prot6ase sur une gamme de pH tfau moins 0 5 unft6 
de pH dans la gamme de pH d'environ 7 d environ 11. ladite protease comprenant au moins I'une des mixtions 
suivantes : H17Q. H39S, E54D. H120N. Y167E. Y167F. Y171V. Y192E. Y192F. Y209F. Y214F. H226S. Y263F. 

2. Composition d^tergente selon fa re^endication 1. caract6ri86e en ce que ledit degrd int^rieur de variation de 
charge nette se r6v§le dans une gamme de pH d'au moins 1 unit6 de pH. de preference au moins 2 unites de pH 
dans fa gamme de pH entre environ 7 et 1 1 . *^ 

3. Composition dfetergente selon I'une quelcpnque des revendications 1 k 2. caract6ris6e en ce que ledit degrfe inf6- 
neur de vanation de charge nette se r6v6le sur sensiblement la totality de la gamme de pH entre 8 et 1 1 environ 
de preference 7 et 1 1 environ. 

4. Composition d§tergente selon I'une quelconque des revendications 1 k 3. caract6ris6e en ce que la charae nette 
de la prot6ase reste presque constente ou presque de z6ro dans une gamme de variation de charge W-l par mol6- 

CUI6. 

5. Composition dfetergente selon Tune quelconque des revendications 1 k 4. caractferisfee en ce que ladite charae 
nefle presque constente ou presque de z6ro a une gamme de variation dans fa gamme de charge ^-0,5 par moi6- 

CUi6. 



6. Composition d^tergente selon Tune quelconque d s revendications 1 ^ 5. caract6ris6e en ce qu'elle porte 



au moins 
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Tune des mutations suivantes ou jeux de mutations : 

b-H17Q+K27R+H39S: 

C-E54D+Y91F+K94R; 

d - E54D+Y91 F+K94R+H1 20D ; 

e • E54D+Y91F+K94R+H120N ; 

f - Y167F+Y171 V+Y192F+Y209F+Y214T ; 

g - K235L+K237R+K251E+Y263F ; 

h - K235L+K237R+K251N+Y263F ; 

i - H226S+K235L+K237R+K251N+Y263F ; 

k - H226S+K235L+K237R+K251E+Y263F ; 

g* - K235R+K237R+K251E+Y263F ; 

h' - K235R+K237R+K251N+Y263F ; 

!• - H226S+K235R+K237R+K251 N+Y263F ; 

k' - H226S+K235R+K237R+K251E+Y263F ; 

Composition d6tergente selon la revendication 6, caract6ris6e en ce qu'elle porta au moins I'une des mutations ou 
jeux de mutations suivants : jeux a+c+f+g. b+d+f+i. bfe+f+k, b+e+f+i. b4d+f+k. a-KJ+f+g', b+d+f+i\ b+e+f+k', 
b+e+f+i\ b4d-i-f+k*. les lettres repr^sentant les mutations ou jeux de mutations indiqu6esdans la revendication 6 et 
"a" signifiant la mutation K27R. 
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FigA(11/13) 




MCS: 

Kpnl PstI EcoRI Hindlll aal SphI BamHI 

AATTGGTACCCTGCAGGAATTCAAGCTTATCGATGGCATGCGGATCC 

CCATGGGACGTCCTTAAGTTCGAATAGCTACCGTACGCCTAGGTCCA 
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Primer Kpnl N col ^ 

5' -CAATGGCGCAATCGGTACCATGGGGAATTAGG^ : NOR 789 

(A) (G) 
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